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(54) SCALE INHIBITOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To demonstrate a large effect in preventing adhesion of various 
kinds of scales, especially silicate type scale, generated in a cooling water system, a boiler water 
system, and others by incorporating a water soluble polymer having silanol gpup units given by 
a specified formula. 

SOLUTION: A scale preventing agent contains a water soluble polymer having silanol group 
units given by the formula (wherein Rl and R2 are each hydrogen or a 1-3C alkyl group). The 
content of the silanol group unit in the polymer is not particularly restricted; however, the 
content based on the total monomer units in the polymer is preferably 0.1-10 mol.%. When the 
content is below 0.1 mol.%, an enough scale preventive effect can hardly be demonstrated. 
When it exceeds 10 mol.%, the effect does not increase with the increase, in the content to cause 
economical disadvantage and decrease in the solubility of the polymer in water. 
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CLAIMS 



[Claim(s)] , , , , w 

[Claim 1] The scale inhibitor characterized by containing the water-soluble polymer which has 

the silanol-group unit expressed with a general formula [1]. 

[Formula 1] 
-CH2-CH- 



1 OH m 



R'O-S i 
I 

OR 2 

(However, Rl and R2 are hydrogen or the alkyl group of carbon numbers 1-3 among a formula.) 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] t . ... . c .„ . 

[The technical field to which invention belongs] this invention relates to a scale inhibitor. Mill in 



detail, this invention can prevent effectively scales, such as a cooling water system and the boiler 
watersystem, and relates to a scale inhibitor effective in prevention of a silicic-acid system scale 
especially. 
[0002] 

[Description of the Prior Art] Scale failure, occurs within the heating surface in contact with 
water, such as a cooling water system and the boiler water system, and piping. When exclusion 
(blow) out of the system of cooling water is lessened and high concentration operation is 
especially performed from saving resources and the position of energy saving in an open closed 
cooling water system, while the salts dissolved in cooling water are condensed and it becomes 
easy to corrode the heating surface, the salt of poor solubility separates and scale-izes. The 
generated scale causes a serious failure for operation of a boiler, a heat exchanger, etc. for a fall 
of thermal efficiency, lock out of piping, etc. As a scale kind generated to a drainage system, 
there are a calcium carbonate, a calcium sulfate, a calcium sulfite, calcium phosphate, a calcium 
silicate, a magnesium silicate, a magnesium hydroxide, phosphoric-acid zinc, zinc hydroxide, a 
basic zinc carbonate, etc. Generally to the calcium system or the magnesium system scale, the 
copolymer which combined the monomer in which the polymer which has the carboxyl group 
which carried out the polymerization of a maleic acid, an acrylic acid, the itaconic acid, etc. has 
sulfonic groups, such as a monomer which is effective as a scale inhibitor and has a carboxyl 
group further, a vinyl sulfonic acid and an allyl-compound sulfonic acid, and a 2-acrylamide- 
isobutane sulfonic acid, is used as a scale inhibitor according to object water quality. Moreover, 
to the silicic-acid system scale, the scale inhibitor (JP,2-3I894,A) containing the scale inhibitor 
(JP 61 -107998,A) and polyethylene glycol containing an acrylamide system polymer and an 
acrylic-acid system polymer, a ******** acid or its salt, and/or a carboxyl ic-acid system 
polymer etc. is proposed, and these scale inhibitors are properly used according to the scale kind. 
Since the water used in a cooling water system is usually industrial water, city water, etc., 
underwater, various ion kinds are dissolved/Therefore, when performing especially high 
concentration operation, the scale inhibitor which can correspond to all scale^inds effectively is 
desirable. However, in the present condition, the scale inhibitor effective for scale prevention of 
all scale kinds in this way is not yet found out. The scale inhibitor which has an effect 
remarkable in silicic-acid system scale-buildup prevention especially is not developed. For 
example, although the scale prevention effect accepts when silicic-acid concentration is low, an 
'acryiami'de system polymer is deficient in an effect, when silicic-acid concentration is high. The 
' metal in systems, such as piping, is easy to adsorb, and since tabescence of a polymer is 
remarkable, a cation system polymer is lacking in practicality. Moreover, although the effect of 
suppressing a scale buildup accepts when silicic-acid concentration is low, a polyethylene glycol 
tends to be influenced of the ion of other type, and has the problem of an effect not being 
stabilized. 
[0003] 

[Problem(s) to be Solved by the Invention] The effect of this invention is large to the various 
scale-buildup prevention generated by the cooling water system, the boiler water system, etc., 
and it is made for the purpose of offering the scale inhibitor which demonstrates the effect which 
was especially excellent to silicic-acid system scale-buildup prevention. 
[0004] 

[Means for Solving the Problem] The water-soluble polymer which has a silanol group finds out 
excelling in the scale prevention effect, especially the prevention effect of a silicic-acid system 
scale, and this invention persons came to complete this invention based on this knowledge, as a 



result of repeating a research zealously that the above-mentioned technical probrem should be 
solved. That is, this invention is a scale inhibitor [-izing 2] characterized by containing the water- 
soluble polymer which has the silanol-group unit expressed with a general formula [1]. 
-CH2-CH- 

R'O-S i-OH - 1 1 3 

I 

OR 2 

Rl and R2 are hydrogen or the alkyl group of carbon numbers 1-3 among (however a formula.) 
is offered. 

[00° 5 1 - , , ui 

[Embodiments of the Invention] The scale inhibitor of this invention contams the water-soluble 

polymer which has the silanol-group unit expressed with a general formula [1]. 

[Formula 3] 
-CH2-CH- 

R'O-S i-OH - til 

I 

OR 2 

In a general formula [1], Rl and R2 are hydrogen or the alkyl group of carbon numbers 1 -3. the 
water-soluble polymerization used for this invention - although there is especially no limit in the 
amount of a silanol-group unit in the living body - usually - a silanol-group unit - a 
polymerization - it is desirable that it is [ 0.1-10 mol / of all monomenc units in the living body 
] % it is more desirable that it is / 0.5-7 mol / %, and it is still des.rable that it is / 1 -5 mol / % 
When the amount of a silanol-group unit is less than [ of all the monomenc units in a polymer/ 
0 1 mol % ], there is a possibility that the scale prevention effect may not fully be demonstrated. 
When the amount of a silanol-group unit exceeds ten mol% of all the monomenc units in a 
polymer, a possibility that it may not improve if the increase in a silanol-group unit is balanced, 
but a manufacture of a polymer may become disadvantageous economically, and the water 
solubility of a polymer may fall has the scale prevention effect. 

[0006] Although there is especially no limit in the molecular weight of the water-soluble 
polymer which has the silanol-group unit used for this invention, usually, it is desirable that it is 
500-100 000 as weight average molecular weight, it is more desirable that it is 3,000-70,000, and 
it is still desirable that it is 10,000-50,000. When the weight average molecular weight of a 
water-soluble polymer is less than 500, there is a possibility that the scale prevention effect may 
not fully be demonstrated. When the weight average molecular weight of a water-soluble 
polymer exceeds 100,000, there is a possibility that the viscosity of the aqueous solution of a 
polymer may become high too much, and handling may become difficult. The molecular weight 
of a polymer can be calculated by the gel permeation chromatography, the light scattering 
measurement, etc. The monomer which has the base which especially a limit does not have in the 
manufacture technique of a water-soluble polymer of having the silanol-group unit used for this 
invention, for example, turns into a silanol group by hydrolysis, The monomer which has the 
base which can manufacture by understanding the obtained copolymer an added water part after 
copolymerizing the monomer which has the base which turns into a hydrophihc radical by 
hydrolysis, and turns into a silanol group by hydrolysis, After copolymenzing the monomer 
which has a hydrophilic radical, it can manufacture by carrying out copolymenzation of the 
monomer which can manufachire by understanding the obtained copolymer an added water part, 



or has a silanol group, and the monomer which has a hydrophilic radical. 
[0007] As a monomer which has the base which turns into a silanol group by hydrolysis, 
vinyltrimetoxysilane, vinyltriethoxysilane, ********** propoxysilane, vinyl ******** 
propoxysilane, a vinyl tris (2-methoxyethoxy) silane, etc. can be mentioned, for example. These 
monomers can be manufactured by the addition reaction of trialkoxysilane and acetylene, or the 
reaction of a vinyl trichlorosilane and alcohol. As a monomer which has the base which turns 
into a hydrophilic radical by hydrolysis, acrylonitrile (meta), methyl (meta) acrylate, ethyl (meta) 
acrylate, vinyl acetate, a maleic anhydride, N-alkyl (meta) acrylamide, etc. can be mentioned, for 
example. As a monomer which has a hydrophilic radical, an acrylic acid (meta), a maleic acid, an 
itaconic acid, a vinyl sulfonic acid, an ally] -compound sulfonic acid, a 2-acrylamide-isobutane 
sulfonic acid, a 3-ant ******-2-hydroxy propane sulfonic acid, a styrene sulfonic acid, isoprene 
sulfonic acids or these alkali-metal salts, hydroxyethyl (meta) acrylate, ********** monoallyl 
ether, allyl alcohol, an acrylamide (meta), N-vinyl pyrrolidone, etc. can be mentioned, for 
example. The water-soluble polymer used for this invention is the domain which does not lose 
the water solubility, and can have a hydrophobic monomeric unit. As such a hydrophobic 
monomer, styrene, N-vinylcarbazole, etc. can be mentioned, for example. 
[0008] The monomer which has the monomer or silanol group which has the base which turns 
into a silanol group by hydrolysis used for this invention, There is especially no limit in the 
copolymerization technique with the monomer which has the monomer or hydrophilic radical 
which has the base which turns into a hydrophilic radical by hydrolysis, and if all monomers and 
copolymers obtained are water-soluble The solution polymerization through water can be 
performed, and if the copolymer obtained with the monomer of all or a part is water-insoluble 
nature, the emulsion polymerization or suspension polymerization through water, and the 
solution polymerization through an organic solvent can be performed. The copolymer of the 
monomer which has the base which turns into a hydrophilic radical by the .monomer or 
hydrolysis which has the base which turns into a silanol group by hydrolysis is changed into the 
water-soluble polymer which has the silanol group and hydrophilic radical which are expressed 
with a general formula [1] by hydrolysis. There is especially no limit in the hydrolysis technique, 
and it can understand an added water part in an aquosity medium preferably using an acid, alkali, 
etc. With [ the carbon number of an alkoxyl group ] three [ or less ], let the copolymer of vinyl 
trialkoxysilane be the silanol-group unit shown by the general formula [1] by understanding 1 of 
three alkoxyl groups, two pieces, or three pieces an added water part. Moreover, with [ the 
carbon number of an alkoxyl group ] four [ or more J, in a general formula [1], it can consider as 
the silanol-group unit Rl and whose R2 are hydrogen by understanding all alkoxyl groups an 
added water part. When the monomer which has the base which turns into a hydrophilic radical 
by hydrolysis is vinyl acetate, a vinyl acetate unit is changed per vinyl alcohol by hydrolysis, and 
a polymer becomes water-soluble. [0009] The scale inhibitor of this invention can be used with 
respect to water quality conditions and ****** s , such as a cooling water system and the boiler 
water system, that there is nothing. The scale inhibitor of this invention can be added and used 
for circulating water or make up water in a cooling water system, the boiler water system, etc. 
There is especially no limit in the location and the addition technique of adding the scale 
inhibitor of this invention, and it can be added in arbitrary parts as aqueous solution prepared to 
arbitrary concentration in the drainage system to use to them. Although the addition of the scale 
inhibitor of this invention can be suitably chosen according to the water quality of the drainage 
system to add, the service condition of a facility, etc., it is desirable to add so that underwater 
concentration may usually become I. in 1 -200mg /, and it is more desirable to add so that it may 



become 1. in 10-50mg /. The scale inhibitor of this invention can be used together with other 
scale inhibitors, anticorrosives, a germicide, a slime inhibitor, etc. if needed. When using the 
scale inhibitor of this invention together with other medicines, the medicine of ****** can be 
mixed beforehand, and it can consider as a 1 liquid type, or each can be added separately. While 
adhesion in the heating surface and the piping wall surface of scales, such as a calcium 
carbonate, a calcium sulfate, calcium phosphate, phosphoric-acid zinc, zinc hydroxide, a 
magnesium silicate, and a silica, which occur in a cooling water system, the boiler water system, 
etc°can be prevented by the scale inhibitor of this invention, the scale which already adhered is 
also removable. Especially the scale inhibitor of this invention demonstrates the effect excellent 
in scale-buildup prevention of a silicic-acid system. Although the detailed mechanism of action 
of the scale inhibitor of this invention is unknown, it is thought by combining with the colloidal 
silica which is the scale formation factor which a polymer generates by the drainage system 
through a silanol group that the adhesion to the system wall of a silicic-acid system scale etc. is 
prevented effectively. 

[0010] .,-,„• 
[Example] Although an example is given to below and this invention is explained to it still in 
detail, this invention is not limited at all by these examples. The scale inhibitor and scaling test 
method which were used for the example and the example of a comparison are shown below. 

[Scale inhibitor] ' . 

(A) The vinyl silanol / vinyl alcohol copolymer, molecular weight 15,000 which were obtained 
by understanding a copolymer (vinyltrimetoxysilane 2 mol % and 98 mols % of vinyl acetate) an 

added water part. . 

(B) The vinyl silanol / vinyl alcohol / allyl alcohol copolymer, molecular weight 15,000 which 
were obtained by understanding the 88 mols copolymer (% and allyl alcohol 10 mol %) of vinyl 
acetate an added water part vinyltrimetoxysilane 2 mol%. 

(C) The vinyl silanol / vinyl alcohol / styrene copolymer, molecular weight 1§,000 which were 
obtained by understanding the 90 mols copolymer (% and styrene 5 mol %) of vinyl acetate an 
added water part vinyltrimetoxysilane 5 mol%. 

(D) A copolymer (80 mols % of acrylic acids, and 20 mols % of 3-ant ******-2-hydroxy 
propane sulfonic acids), molecular weight 9,000. 

the possession in which a [scaling test-method] heating surface has the heat exchangerof 2 about 
0.25m - 0.45m of amount of water, the water which added salts was added to the pure water or 
the Atsugi city water as circulating water and make up water at the open circulating model 
cooling water system of 3, and it ran continuously for 30 days, controlling blow water s6 that a 
concentration multiple becomes 5 times The quality of the material used for the heat exchanger 
the tube whose outer diameter is 19mm by SUS304. The heat exchanger inlet temperature of 
circulating water adjusted 45 degrees C and heat exchanger outlet temperature to 75 degrees C, ~ 
and the rate of flow in the tube side of circulating water was carried out in 0.5m/s. In the 
meantime, the specified quantity of a scale inhibitor was added to the drainage system. After 30 
day continuous running, the scale adhering to the heat exchanger tube front face was extracted. 
Weighing capacity of this scale was carried out, and the scaling speed was computed from the 
coating weight. Moreover, the chemical analysis of this scale was carried out, and Si02 amount 
in a scale was calculated. 

It examined by adding a scale inhibitor (A) so that it may become [ 1. ] in 20mg An the water 
which has water quality with silica 200mg/a 1. [ an example lpH /9.0 /, a calcium hardness of 
Omg //I. /, Omg I M alkalinity, ], and a magnesium degree of hardness of 200mg [/I. ]. Scaling 



speeds will be 8mg[/cm ] 2 / 30 days, and Si02 was not contained in the scale. 
In the same water of water quality as example 2 example 1 , it examined by adding a scale 
inhibitor (B) so that it may become [ 1. ] in 20mg /. Scaling speeds will be 10mg[/cm ] 2 / 30 
days, and Si02 was not contained in the scale. 

In the same water of water quality as example 3 example 1 , it examined by adding a scale 
inhibitor (C) so that it may become [ I. ] in 20mg/. Scaling speeds were 1 lmg[/cm ] 2 / 30 days, 
and Si02 amount in a scale was 1 % of the weight. 

In the same water of water quality as example of comparison 1 example 1, it examined by adding 
a scale inhibitor (D) so that it may become [ 1. ] in 20mg /. Scaling speeds were 1 1 lmg[/cm ] 2 / 
30 days, and Si02 amount in a scale was 45 % of the weight. The result of the examples 1-3 and 
the example 1 of a comparison is shown in the 1st table. 
[0011] 
[Table 1] 
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20 


1 1 1 
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[0012] In the examples 1-3 which added the scale inhibitor of this invention, a scaling speed is 
small there are very few Si02 amounts in a scale, the scale inhibitor of this invention has the 
large scaling prevention effect, and the result of the 1st table shows excelling especially in the 
antisticking of Si02. On the other hand, in the example 1 of a comparison which added the 
conventional scale inhibitor, a scaling speed is large and there are also many amounts of Si02 in 

It examined by adding a scale inhibitor (A) so that it may become [ 1. ] in 20mg /in the water 
which has water quality with silica 200mg/a 1. [ an example 4pH /9.0 /, a calcium hardness of 
500mg //l /, 500mg //l. AM alkalinity, ], and a magnesium degree of hardness of 200mg [/l. ]. 
Scaling speeds will be 8mg[/cm ] 2 / 30 days, and Si02 was not contained in the scale. 
In the same water of water quality as example 5 example 4, it examined by adding a scale 
inhibitor (B) so that it may become [ 1. ] in 20mg /. Scaling speeds were 8mg[/cm ] 2 / 30 days, 
and Si02 amount in a scale was 1 % of the weight. 

In the same water of water quality as example 6 example 4, it examined by adding a scale 
inhibitor (C) so that it may become [ 1. ] in 20mg /. Scaling speeds were 14mg[/cm ] 2 / 30 days, 
and Si02 amount in a scale was 1 % of the weight. 

In the same water of water quality as example of comparison 2 example 4, it examined by adding 
a scale inhibitor (D) so that it may become [ I. ] in 20mg /. Scaling speeds were 124mg[/cm ] 2 / 
30 days and Si02 amount in a scale was 52 % of the weight. 

hi the same water of water quality as example of comparison 3 example 4, it examined by adding 
a scale inhibitor (D) so that it may become [ 1. ] in 40mg /. Scaling speeds were 1 19mg[/cm] 2 / 
30 days, and Si02 amount in a scale was 47 % of the weight. The result of the examples 4-6 and 
the examples 2-3 of a comparison is shown in the 2nd table. 
[0013] 



[Table 2] 
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100141 In the examples 4-6 which added the scale inhibitor of this invention, a scahng speed is 
mall the are fJsKM amounts in a scale, the scale inhibitor of this invention has the ,arge 
selling prevention effect, and the result of the 2nd table shows excelhng especial! y .the 
antisticking of Si02. On the other hand, in the example 2 of a companson which added he 
Tonventional scale inhibitor, a scaling speed is large and there ^J^Z ^ 
a scale Furthermore, in the example 3 of a companson, although the addition of the same 
conventional scale inhibitor as the example 2 of a companson is doubled, the enhancement ,n the 
scale prevention effect is very slight. 

[effect of the Invention] The scale inhibitor of this invention shows the effect excellent in scale- 
buiWup prevention compared with the conventional scale inhibitor. Especially the scale mhib.tor 
of this invention is effective in silicic-acid system scale-buildup prevention. 



Field 



ffhe technical fields which invention belongs] this invention relates to a scale inhibitor. Still in 
detail Ms invention can prevent effectively scales, such as a cooling water system and the boiler 
ttel'system and relates to a scale inhibitor effective in prevention of a silicic-acid system scale 
especially. 



Technique 

?5— ption of the Prior Art] Scale failure occurs within the heaiing surface in contact with 
^er, such as a cooling water system and the boiler water system, and p.ping. When exclusion 
(blow) out of the system of cooling water is lessened and high concentration operation is 
especially performed from saving resources and the position of energy saving in an open closed 
Z ing water system, while the salts dissolved in cooling water are condensed and it becomes 
easy to corrode the heating surface, the salt of poor solubility separates and scale-izes. The 
Tene ated scale causes a serious failure for operation of a boiler, a heat exchanger, etc. for a fall 
ff thermal efficiency, lock out of piping, etc. As a scale kind generated to a drainage system, 
thereTe ca cium carbonate, a calcium sulfate, a calcium sulfite, calcium phosphate a calcium 
sil ate a Magnesium silicate, a magnesium hydroxide, phosphonc-acid zinc, zinc hydroxide a 
basic zinc carbonate, etc. Generally to the calcium system or the magnesium system scale, the 
copol^er wS combined the monomer in which the polymer which has the carboxyl group 



EST, nc c * id ,* em scale, .he scale inhibitor (JP.2-31894.A) containing .he scale mhtbuor 
H^OmTltZl polyethylene glycol containing an acrylamide system poly™ and an 
(Jf,6J \vme.i\>* imp j ' addoritssalt and/or a carboxylic-acid system 

TXoXn^hese sca.e properly used according to thebaic kind. 

S^the wa ter used in a cooling water system ,s usually industrial water, city water, eta, 
Since the v>ater used ir a coo g * Therefore, when performing especially h Ig h 

fllTcale kinds in til s way is not yet found out. The scale inhibitor which has an effect 

rS:SSot type, and has the problem of an effect no, being 
stabilized. 




??mbta*s) to be SoWedby the Invention] The effect of this invention is large to the various 
was especially excellent to silicic-acid system scale-buildup prevention. 



MEANS 



^~-T nr Solvino the Problem] The water-soluble polymer which has a silanol group finds out 
xceln ^ 

Slnole polymer which has the silanol-group unit expressed wuh a general formula [1]. 



-CH 2 -CH- 

R'O-S i-OH - [13 

I 

OR 2 

Rl and R2 are hydrogen or the alkyl group of carbon numbers 1-3 among (however a formula.) 

is offered. 

[0005] 

[Embodiments of the Invention] The scale inhibitor of this invention contains the water-soluble 
polymer which has the silanol-group unit expressed with a general formula [1]. 

[Formula 3] 
-CH2-CH- 

R'O-S i-OH til 
I 

OR 2 

In a general formula [1], Rl and R2 are hydrogen or the alkyl group of carbon numbers 1-3. the 
water-soluble polymerization used for this invention - although there is especially no limit in the 
amount of a silanol-group unit in the living body - usually -- a silanol-group unit - a 
polymerization - it is desirable that it is [0.1-10 mol / of all monomeric units in the living body 
] %, it is more desirable that it is / 0.5-7 mol / %, and it is still desirable that it is / 1-5 mol / % 
When the amount of a silanol-group unit is less than [ of all the monomeric units in a polymer / 
0. 1 mol % ], there is a possibility that the scale prevention effect may not fully be demonstrated. 
When the amount of a silanol-group unit exceeds ten mol% of all the monomeric units in a 
polymer, a possibility that it may not improve if the increase in a silanol-group unit is balanced, 
but a manufacture of a polymer may become disadvantageous economically, and the water 
solubility of a polymer may fall has the scale prevention effect. 

[0006] Although there is especially no limit in the molecular weight of the water-soluble 
polymer which has the silanol-group unit used for this invention, usually, it is desirable that it is 
500-100,000 as weight average molecular weight, it is more desirable that it is 3,000-70,000, and 
it is still desirable that it is 10,000-50,000. When the weight average molecular weight of a 
water-soluble polymer is less than 500, there is a possibility that the scale prevention effect may 
not fully be demonstrated. When the weight average molecular weight of a water-soluble 
polymer exceeds 100,000, there is a possibility that the viscosity of the aqueous solution of a 
polymer may become high too much, and handling may become difficult. The molecular weight 
of a polymer can be calculated by the gel permeation chromatography, the light scattering 
measurement, etc. The monomer which has the base which especially a limit does not have in the 
manufacture technique of a water-soluble polymer of having the silanol-group unit used for this 
invention, for example, turns into a silanol group by hydrolysis, The monomer which has the 
base which can manufacture by understanding the obtained copolymer an added water part after 
copolymerizing the monomer which has the base which turns into a hydrophilic radical by 
hydrolysis, and turns into a silanol group by hydrolysis, After copolymerizing the monomer 
which has a hydrophilic radical, it can manufacture by carrying out copolymerization of the 
monomer which can manufacture by understanding the obtained copolymer an added water part, 
or has a silanol group, and the monomer which has a hydrophilic radical. 
[0007] As a monomer which has the base which turns into a silanol group by hydrolysis, 
vinyltrimetoxysilane, vinyltriethoxysilane, ********** propoxysilane, vinyl ******** 



nroDOXVsilane a vinyl tris (2-methoxyethoxy) silane, etc. can be mentioned, for example. These 
1 o3s can be manufactured by the addit.cn reaction of ~s^e < I^SFul 
reaction of a vinyl trichlorosilane and alcohol. As a monomer which has the base which turns 
nto a hvd ophS radical by hydrolysis, acrylonitnle (meta), methyl (meta) acrylate, ethyl (me a) 
a mafoic anhydride, N-alkyl (meta) acrylam.de, etc. can be mentioned for 
exam e As a monomer which has a hydrophilic radical, an acrylic acid (meta), a ma.eic acid an 
Sonic acid a vinyl sulfonic acid, an allyl-comnound sulfonic ac.d, a 2-acrylam,de-,sobutane 
Snic acid, a 3-ant "2-hydroxy propane sulfonic ^^^Z??^^ 
sulfonic acids or these alkali-metal salts, hydroxyethyl (meta) acrylate, mono aliyi 

ether allyl alcohol, an acrylamide (meta), N-vinyl pyrrolidone, etc can be men honed, for 
example The water-soluble polymer used for this invention is the domain which does not lose 
the water solubility, and can have a hydrophobic monomeric unit. As such a hydrophobic 
monomer styrene, N-vinylcarbazole, etc. can be mentioned, for example. 
[^T^Lno^r which has the monomer or si.anol group which has the base which turns 
mo a silanol eroup by hydrolysis used for this invention, There is especially no hm in the 
^SlTSSniic with the monomer which has the monomer or hydrophilic radical 
vhich^as the base which turns into a hydrophilic radical by hydrolysis, and .fall monomers and 
copolymers obtained are water-soluble The solution polymerization through water can be 
rerformed, and if the copolymer obtained with the monomer of all or a part ,s water-insoluble 
na ure the emulsion polymerization or suspension polymerization through water, and the 
so u ion polymerization through an organic solvent can be performed. The copolymer of the 
monomer which has the base which turns into a hydrophilic rad.cal by the monomer or 
hydroxys s which has the base which tums into a silanol group by hydrolysis is changed into the 
water soluble polymer which has the silanol group and hydrophilic radical which are expressed 
S °en al forrnula [1] by hydrolysis. There is especially no limit in the hydrolysis technique, 
^SZSZd an added later part in an aquosity medium preferably using an acid alka,,, 
etc With [ the carbon number of an alkoxyl group ] three [ or less ], let the copolymer of vinyl 
nalkoxys lane be the silanol-group unit shown by the general formula [1] by undemanding 1 of 
three alkoxyl groups, two pieces, or three pieces an added water part. Moreover with [ the 
arbon numbefof an'alkox'yl group ] four [ or more ], in a general ^J^?™^ " 
the silanol-group unit Rl and whose R2 are hydrogen by understandmg all alkoxyl groups an 
added vvatef part When the monomer which has the base which tums into a hydrophilic radical 
"olysisis vinyl acetate, a vinyl acetate unit is changed per vinyl alcohol by M^J^ 
a polymer becomes water-soluble. [0009] The scale inhibitor of tins invention can be ^iised 1 with 
respect to water quality conditions and ***"*s, such as a cooling water ^ em ^ d ; h % bo,le . r 
wafer vLm that there is nothing. The scale inhibitor of this invention can be added and used 
water or make up water in a cooling water system, the boiler -water system, etc. 
There is especially no limit in the location and the addition technique of adding the scale 
nhmitor of this invention, and it can be added in arbitrary parts as aqueous solution prepared to 
2 tr Ty concentration in'the drainage system to use to them. Although the addition jo £e 
inhibitor of this invention can be suitably chosen according to the water quality of the drainage 
7s em To Id the service condition of a facility, etc., it is desirable to add so that underwater 

become 1 in 10-50mg /. The scale inhibitor of this invention can be used together with other 

aXL^m Icorrosives, a germicide, a slime inhibitor, etc. if needed. 

scale inhibitor of this invention together with other medicines, the med.cne of can be 



mixed beforehand, and it can consider as a 1 liquid type, or each can be added separately. While 
adhesion in the heating surface and the piping wall surface of scales, such as a calcium 
carbonate a calcium sulfate, calcium phosphate, phosphoric-acid zinc, zinc hydroxide, a 
magnesium silicate, and a silica, which occur in a cooling water system, the boiler water system, 
etc can be prevented by the scale inhibitor of this invention, the scale which already adhered is 
also removable. Especially the scale inhibitor of this invention demonstrates the effect excellent 
in scale-buildup prevention of a silicic-acid system. Although the detailed mechanism of action 
of the scale inhibitor of this invention is unknown, it is thought by combining with the colloidal 
silica which is the scale formation factor which a polymer generates by the drainage system 
through a silanol group that the adhesion to the system wall of a silicic-acid system scale etc. is 
prevented effectively. 



EXAMPLE 



[Example] Although an example is given to below and this invention is explained to it still in 
detail this invention is not limited at all by these examples. The scale inhibitor and scaling test 
method which were used for the example and the example of a comparison are shown below. 

[Scale inhibitor] . 

(A) The vinyl silanol / vinyl alcohol copolymer, molecular weight 15,000 which were obtained 
by understanding a copolymer (vinyltrimetoxysilane 2 mol % and 98 mols % of vinyl acetate) an 

added water part. . 

(B) The vinyl silanol / vinyl alcohol / allyl alcohol copolymer, molecular weight 1 5,000 which 
were obtained by understanding the 88 mols copolymer (% and allyl alcohol 10 mol %) of vinyl 
acetate an added water part vinyltrimetoxysilane 2 mol%. 

(C) The vinyl silanol / vinyl alcohol / styrene copolymer, molecular weight 1$,000 which were 
obtained by understanding the 90 mols copolymer (% and styrene 5 mol %) of vinyl acetate an 
added water part vinyltrimetoxysilane 5 mol%. 

(D) A copolymer (80 mols % of acrylic acids, and 20 mols % of 3-ant ******-2-hydroxy 
propane sulfonic acids), molecular weight 9,000. 

the possession in which a [scaling test-method] heating surface has the heat exchanger of 2 about 
0.25m - 0.45m of amount of water, the water which added salts was added to the pure water or 
the Atsugi city water as circulating water and make up water at the open circulating model 
coolino water system of 3, and it ran continuously for 30 days, controlling blow water so that a 
concentration multiple becomes 5 times The quality of the material used for the heat exchanger 
the tube whose outer diameter is 19mm by SUS304. The heat exchanger inlet temperature of 
circulating water adjusted 45 degrees C and heat exchanger outlet temperature to 75 degrees C, 
and the rate of flow in the tube side of circulating water was carried out in 0.5m/s. In the 
meantime the specified quantity of a scale inhibitor was added to the drainage system. After 30 
day continuous running, the scale adhering to the heat exchanger tube front face was extracted. 
Weighing capacity of this scale was carried out, and the scaling speed was computed from the 
coating weight. Moreover, the chemical analysis of this scale was carried out, and Si02 amount 
in a scale was calculated. 

It examined by adding a scale inhibitor (A) so that it may become [ 1. ] in 20mg An the water 
which has water qualrty with silica 200mg/a 1. [ an example lpH /9.0 /, a calcium hardness of 
0mg//l. /, 0mg//l. / M alkalinity, ], and a magnesium degree of hardness of 200mg ]. Scaling 



sneeds will be 8mef/cm ] 2 / 30 days, and Si02 was not contained in the scale 
n the sa n" wateToV water quality as example 2 example 1, it examined by adding a scale 
Inhibitor (B) so that it may become [ 1. ] in 20mg /. Scaling speeds will be 1 0mg[/cm ] 2 / 30 
davs and Si02 was not contained in the scale. 

In same water of water quality as example 3 example 1, it examined by addmg scale 
inhibitor (C) so that it may become [ 1. ] in 20mg /. Scaling speeds were 1 lmg[/cm ] 2 / 30 days, 
and Si02 amount in a scale was 1 % of the weight. . .. ... 

the same water of water quality as example of comparison 1 example I, it examined by adding 
scale I b»tor (D) so that it may become [ 1. ] in 20mg /. Scaling speeds were 1 1 lmg[/cm_ ] 2 / 
30 days, and S.02 amount in a scale was 45 % of the weight. The result of the examples 1-3 and 
the example 1 of a comparison is shown in the 1st table. 
[0011] 
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r00121 In the examples 1-3 which added the scale inhibitor of this invention a scaling speed is 
mall the e ar vTry few SiQ2 amounts in a scale, the scale inhibitor of this invention has the 
S^^tion effect, and the result of the 1st table shows excelling especiaUy in .the 
antfsticking of Si02. On the other hand, in the example 1 of a comparison wljich added the 
Tonsil scale inhibitor, a scaling speed is large and there are also many^mounts of SiQ2 in 

^examined by adding a scale inhibitor (A) so that it may become [ 1. ] in 20mg /in the water 
whidZ water qualfty with silica 200mg/a 1. [ an example 4pH 19 0 /, a calcium T^dne of 
500mg III I, 500mg III I M alkalinity, ], and a magnesium degree of hardness of 200mg [II ]. 
Scaling speeds will be 8mg[/cm ] 2 / 30 days, and Si02 was not contained m the scale 
In the fame water of water quality as example 5 example 4, ,t examined by adding i scale 
libitor (B) so that ,t may become [ 1. ] in 20mg /. Scaling speeds were 8mg[/cm ] 2 / 30 days, 
and Si02 amount in a scale was 1 % of the weight. 

In the same water of water quality as example 6 example 4, ,t examined by adding scale 
inhibitor (C) so that it may become [ 1. ] in 20mg /. Scaling speeds were 1 4mg[/cm ] 2 / 30 days, 
nnd <siO? amount in a scale was 1 % of the weight. 

of water quality as example of comparison 2 example 4, it examined by adding 
a seal i«itor (D) so that it may become [ 1. ] in 20mg /. Scaling speeds were 124mg[/cm ] 2 / 
30 davs and Si02 amount in a scale was 52 % of the weight. 

the'same water of water quality as example of comparison 3 example 4, it «^^Ang 
a scale inhibitor (D) so that it may become [ 1. ] in 40mg /. Scaling speeds were 1 1 9mg[/cm ] . / 
30 days, and Si02 amount in a scale was 47 % of the weight. The result of the examples 4-6 and 
the examples 2-3 of a comparison is shown in the 2nd table. 
[0013] 
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mm 41 In the examples 4-6 which added the scale inhibitor of this invention, a scaling speed is 
0 m al \n art eT^02 amounts in a scale, the scale inhibitor of this invention .he large 
selling prevention effect, and the result of the 2nd table shows excelling especially >m the 
ant Sng of S.Q2. On the other hand, in the example 2 of a comparison which added he 

scale inhibitor, a scaling speed is large and there are also many amounts of St02 in 
a scab Furthermore in the example 3 of a comparison, although the addition of the same 
convttLnaSe inhibitor as Jexample 2 of a comparison is doubled, the enhancement m the 
scale prevention effect is very slight. 



[Translation done.] 



